Background: Accidental falls among older adults are a leading cause of injury-related hospitalizations. Reducing falls is an ongoing quality improvement priority for home care, given that many home care clients experience falls. In this study, we identify factors associated with the rate of falls among home care clients. Methods: We conducted a population-based, cross-sectional study using secondary data from the Hamilton, Niagara, Haldimand, and Brant health region of Ontario, Canada from January 1 -March 31, 2018. We captured person-level characteristics with falls from the Resident Assessment Instrument -Home Care (RAI-HC). Negative binomial regression was used to model the rate of falls. Results: Functional characteristics of home care clients had strong, statistically significant associations with the rate of falls. Declines in activities of daily living, assistive device use for locomotion indoors, polypharmacy, and health conditions, such as dizziness or lightheadedness, and parkinsonism, were associated with a higher rate of falls. Males who used assistive devices had a higher rate of falls compared to females; however, males with neurological and cardiovascular health conditions had a decrease in the rate of falls compared to females. Home care clients with parkinsonism who used a cane and took eight or more drugs had stronger associations with an increased rate of falls compared to those who do not have parkinsonism. Conclusions: Functional characteristics, polypharmacy, and health conditions are associated with increased rates of falls among home care clients. Home care clients who are at a greater risk of falls may require environmental adjustments in their home to reduce or eliminate the possibility of falling.
Introduction
Accidental falls are the predominant cause of all injuryrelated hospitalizations among older adults in Canada [1] . Accidental falls also adversely affect mental health, resulting in decreased independence and autonomy, and increased fear of falling, increased isolation, and depression [1] [2] [3] [4] [5] . Falls are also important predictors of older adults becoming institutionalized (i.e., admission to long-term care) [6] . In Ontario, home care services are predominately provided by the provincial government under its universal, public health insurance plan to support older adults in receiving the care services they need (e.g., nursing, physiotherapy, occupational therapy, social work, etc.) to remain in their home and community [7] . Reducing falls is an ongoing quality improvement priority for home care, given that many home care clients experience falls [8, 9] .
Among home care clients in Ontario, Canada, risk factors for falls have been investigated among those with neurological conditions (i.e., dementia, parkinsonism) [10] . In addition, many chronic health conditions have been investigated in the context of home care and quality of life [11] . However, an explanatory investigation of multiple person-level characteristics with the rate of falls has not been conducted with recent data on home care clients. Person-level factors are important to investigate because these factors contribute to the development and implementation of strategies to prevent falls from occurring. Falls are also multifactorial, and so it is necessary to investigate multiple factors to identify clustering characteristics to classify patient groups that need more clinical focus to prevent falls. The rate of falls is important because it identifies the frequency of falling, which has implications for improving patient safety and quality of care in the home care setting.
Our study objective was to investigate the associations between person-level characteristics and the rate of falls among home care clients. We hypothesized that home care clients with polypharmacy, impaired cognition, declines in activities of daily living, and neurological disorders (i.e., Alzheimer's, dementia, multiple sclerosis, and parkinsonism) were associated with falls in this population. Our secondary objective was to examine differences between males and females, and to examine differences between different high-risk subgroups (e.g., parkinsonism, etc.).
Methods

Study design, setting, and participants
We conducted a population-based, cross-sectional study in the Hamilton, Niagara, Haldimand, and Brant (HNHB) health region of Ontario, Canada. This region services over 1.4 million residents, of which 27% of the population is over the age of 65 [12] . Home care clients in the HNHB health region who received any type of home care assessment (e.g., initial assessment, follow-up, change in status, etc.) during the January 1, 2018 to March 31, 2018 period were included in our study. Only the first assessment for each home care client during the study period was included in our analysis.
Data source
The Resident Assessment Instrument -Home Care (RAI-HC) is an assessment from interRAI for use with older adults who receive home care or are in a community-based setting. This assessment includes severity scales pertaining to cognitive, hearing, vision, mood and behavior patterns, and activities of daily living. It also captures health status (e.g., chronic health conditions and medications, preventive health measure, etc.), environmental assessment, and health service utilization [13] . The RAI-HC assessment is a valid and reliable instrument, has strong test/re-test reliability, and has been used in other studies investigating falls among home care clients [12, 14] .
Variables
The outcome variable, falls frequency, specifies the number of falls experienced by the home care client in the last 90 days. This variable is a count variable ranging from zero to nine, where nine or more falls is reported as nine. Predictor variables were selected using a combination of clinical judgment and an assessment of related literature on home care clients and adverse events in the home [1, 11, [15] [16] [17] [18] . Demographic (e.g., age, sex, etc.), functional (e.g., cognitive skills, activities of daily living, assistive device use, etc.), and number of drugs taken and diagnoses (e.g., cardiovascular, neurological, musculoskeletal, etc.) were person-level characteristics included in the final model to determine the associations with falls among home care clients.
Statistical methods
Sample size was calculated based on at least 20 events per predictor variable (n ≥ 820) [19] . Descriptive statistics (i.e., frequencies, percentages, and 95% confidence intervals) were calculated for all categorical variables in the model. No continuous variables were used; age and number of drugs taken by home care clients were transformed into categorical variables in 10-year and 2medication intervals, respectively, to support clinical relevance, importance, and easier interpretation of the results. The outcome variable was not normally distributed; rather than transforming it, which would limit clinical interpretation of the results, negative binomial regression was used. Negative binomial regression was preferred to Poisson and Quasi-Poisson regression, given that the variance was greater than the mean.
Variable selection was performed by comparing Akaike Information Criterion between demographic and functional characteristics of home care clients and different groups of diagnoses (i.e., cardiovascular, neurological, musculoskeletal). An α = 0.05 was used for statistical significance for testing variables. Variance inflation factors were assessed for all variables. Interactions between sex and all predictors in the final model were assessed because of the differences that exist between males and females for various health conditions included in the final model (e.g., cardiovascular, musculoskeletal, etc.), and these interactions may additionally have an impact on associations with the rate of falls. Statistically significant interactions at α = 0.001 were reported. Outliers were assessed by examining standardized residuals with values greater than two. Data set processing was conducted in SAS Enterprise 9.4 (Cary, North Carolina, USA) and statistical analyses were conducted in R version 3.5.3 (Vienna, Austria) [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
Results
There were 10,586 home care clients in the HNHB health region who received an assessment during the January 1, 2018 to March 31, 2018 period (n = 10,586). The were no missing data, given that the RAI-HC is the basis for electronic medical records in the home care setting and assessment fields are mandatory [30] . The outcome variable, falls frequency in the last 90 days, was skewed to the right. Fifty-two per cent of the sample (n = 5481) did not experience a fall, whereas 40% (n = 4214) experienced one to three falls. Six per cent of the sample (n = 649) experienced four to eight falls, and 2 % of the sample (n = 242) experienced nine or more falls. Table 1 describes our population-based sample of home care clients in the HNHB health region. Home care clients were predominately female (n = 6462, 61%), between the ages of 80-89 (n = 3920, 37%) and were widowed (n = 4363, 41%). Some home care clients had minimally impaired cognitive skills for daily decisionmaking (n = 2228, 21%), but most had declines in activities of daily living (n = 6915, 65%), used a walker or crutch for locomotion indoors (n = 4804, 45%), and were unable to go up and down the stairs (n = 6332, 60%). Over half of our sample took eight or more drugs (n = 6744, 64%), and many experienced dizziness or lightheadedness (n = 2795, 26%), edema (n = 3726, 35%), and shortness of breath (n = 3533, 33%).
Description of population-based sample
Associations with the rate of falls Table 2 describes the adjusted associations with the rate of falls among our population-based sample of home care clients in the HNHB health region. All variables had a variance inflation factor less than 1.6, indicating that multicollinearity was not present in the final model. A sensitivity analysis was not conducted because 1 % of observations (n = 153) had a standardized residual greater than two.
Functional characteristics had statistically significant associations with the rate of falls. In particular, declines in activities of daily living were associated with an increased rate of falls (IRR = 1.59, 95% CI 1.49, 1.69; p < 0.001). The use of assistive devices for locomotion indoors also had statistically significant associations with the rate of falls among our sample: scooter (IRR = 2.26, 95% CI 1.42, 3.71; p < 0.001), walker or crutch (IRR = 1.50, 95% CI 1.37, 1.63; p < 0.001), cane (IRR = 1.42, 95% CI 1.28, 1.59; p < 0.001), and wheelchair (IRR = 1.35, 95% CI 1.21, 1.51; p < 0.001) use were all associated with an increased rate of falls. Moderately impaired cognitive skills for daily decision-making were also associated with a 38% increase in the rate of falls (IRR = 1.38, 95% CI 1.24, 1.54; p < 0.001).
Polypharmacy and health conditions had statistically significant associations with the rate of falls. Home care clients who took eight or more drugs had a 21% increase in the rate of falls (IRR = 1.21, 95% CI 1.05, 1.39; p = 0.007), and those who experienced dizziness or lightheadedness had a 43% increase in the rate of falls (IRR = 1.43, 95% CI 1.33, 1.52; p < 0.001). Home care clients who have parkinsonism had a 46% increase in the rate of falls (IRR = 1.46, 95% CI 1.28, 1.67; p < 0.001). Table 3 describes important differences between males and females observed within functional characteristics. The distribution of age between males and females in our population-based sample is comparable, and so the differences found are attributable to sex, rather than to age. Males who used assistive devices had a higher rate of falls compared to females who used assistive devices for locomotion indoors. For example, males who used a walker or crutch had a 61% increase in the rate of falls (IRR = 1.61, 95% CI 1.60, 1.67; p < 0.001), whereas females had a 43% increase (IRR = 1.43, 95% CI 1.31, 1.45; p = 0.050). Males who used a cane had a 60% increase in the rate of falls (IRR = 1.60, 95% CI 1.60, 1.67; p < 0.001), compared to females who had a 28% increase (IRR = 1.28, 95% CI 1.23, 1.31; p = 0.039).
Sex differences
Differences between males and females were also observed within neurological and cardiovascular health conditions. Specifically, males with these health conditions had a decrease in the rate of falls compared to females with the same conditions. For example, males who had a stroke had an 18% decrease in the rate of falls (IRR = 0.82, 95% CI 0.78, 0.92; p < 0.001), whereas females had a 3 % decrease (IRR = 0.97, 95% CI 0.92, 1.00; p = 0.032). Males with congestive heart failure had a 25% decrease in the 
Subgroup analyses
Tables 4, 5 and 6 (available as online appendices) describe the subgroup analyses of health conditions that were statistically significant (p < 0.001) in the final, adjusted model (i.e., parkinsonism, dizziness and/or lightheadedness, and congestive heart failure). Among home care clients with parkinsonism, the use of a cane was associated with a 129% increase in the rate of falls, compared to home care clients with parkinsonism who did not use an assistive device (IRR = 2.29, 95% CI 1.37, 3.86; p = 0.001). Conversely, the rate of falls among home care clients who do not have a parkinsonism diagnosis and use a cane for locomotion indoors was 39% higher (IRR = 1.39, 95% CI 1.24, 1.56; p < 0.001). There were also differences between home care clients with parkinsonism and the number of drugs they took and rates of falls. Home care clients with parkinsonism who took eight or more drugs had a 177% increase in the rate of falls (IRR = 2.77, 95% CI 1.13, 6.96; p = 0.027), compared to those who do not have parkinsonism (IRR = 1.18, 95% CI 1.03, 1.36; p = 0.021). In the subgroup analyses of home care clients who experienced dizziness and/or lightheadedness and have congestive heart failure, the findings of these analyses were similar to those who did not experience dizziness and/or lightheadedness and congestive heart failure.
Discussion
Principal findings
We investigated the associations with person-level characteristics and the rate of falls among home care clients using routinely collected data in Ontario, Canada. Declines in activities of daily living, the use of assistive devices (i.e., scooter, walker/crutch, cane, and wheelchair), impaired cognitive skills for daily decision-making, parkinsonism, and experiencing dizziness or lightheadedness were all associated with an increased rate of falls. Males who used assistive devices for mobility indoors had higher rates of falls compared to females, but men with neurological and cardiovascular health conditions had a decrease in the rate of falls compared to females. Home care clients with parkinsonism who used a cane indoors had a 129% increase in the rate of falls compared to those with parkinsonism who do not use an assistive device. Home care clients with parkinsonism who also took eight or more drugs had a 177% increase in the rate of falls compared to those who do not have parkinsonism.
Our findings confirm many of our hypotheses and are aligned with the existing literature describing accidental falls, assistive devices, and home care [31] [32] [33] [34] . The increased rate of falls among health conditions (e.g., dizziness or lightheadedness, parkinsonism, etc.) was expected because these health conditions can cause individuals to be unstable on their feet and result in falls. The increased rate of falls attributed to assistive device use was an unexpected finding, given that we hypothesized the association between impaired cognitive skills for daily decision-making would have been higher. The decreased rate of falls among those who have had a stroke, live with congestive heart failure, shortness of breath, or Alzheimer's was expected because these individuals are less mobile or bed-ridden because of the pathology of these conditions, which decreases the likelihood of falling. Our findings are consistent with previous studies identifying an association between parkinsonism and falls [10, 35] and between multiple sclerosis, wheelchair use, and falls [36] . Our findings are also generalizable to the literature on home care and supporting older adults in their home because as more Canadian older adults are homebound [37] , the likelihood of falls in the home increases. Understanding the associations with rates of falls among older adults in the home is important for identifying ways in which falls can be prevented to support healthy aging in the home and avert unnecessary emergency department use attributed to injuries. We additionally identified how the risk of cane use for locomotion indoors for increasing the rate of falls differs substantially between males and females and among home care clients with and without parkinsonism, which we believe is an important finding for clinicians, home health care practitioners (e.g., personal support works, nurses, etc.), and informal caregivers (e.g., family members, friends, etc.). This information will help the care team identify subgroups of home care clients who may be at increased risk for multiple falls and implement strategies to prevent them.
Implications for policies and practices pertaining to home care
Our findings underscore the importance of monitoring home care clients with a neurological health condition and who use an assistive device for locomotion indoors. Research on the use of a cane and gait changes among older adults with and without Alzheimer's disease found that learning to use this assistive device required increased cognition and resulted in poorer gait performance [38] . Previous studies identified people with multiple sclerosis or who use a wheelchair or scooter for locomotion indoors to be susceptible to fall, including sustaining injuries as a result of falling [36] . These findings identify that assistive device use might precipitate falling among home care clients with a neurological health condition, and these findings are relevant to the work of individuals tasked with coordinating home care and home health care practitioners to help prevent accidental falls among higher risk patient groups. The use of assistive devices for locomotion indoors, such as canes and walkers, by home care clients is typically a supportive measure to prevent falls, and previous studies have identified that falls occurred when clients were not using these assistive devices [39] . The use of canes and/or walkers may also be attributed to the fact that these users may be weaker than non-users, and so these users may be more susceptible to falls. Individuals responsible for coordinating home care and home health care practitioners should be aware of assistive device use for locomotion and discuss and monitor safe use the use of the device with the client and other informal caregivers to limit the possibility of accidental falls in the home. Our findings are also relevant to clinicians and policymakers in the areas of patient safety and quality improvement as these relate to home care. Specifically, our identification of the statistically significant associations between assistive device use for locomotion indoors and the rate of falls supports the idea of implementing interventions that reduce frailty and the occurrence of falls through exercise programs. A systematic review examining community-based exercise interventions found that these interventions are valuable for reducing the incidence of falls when these interventions focus on improving balance and include functional and resistance exercises [40] . A randomized controlled trial from Norway on exercise programs also found positive results with respect to improving physical health-related quality of life [41] . These findings demonstrate the value of exercise interventions for home care clients to reduce the incidence of accidental falls and improve patient safety in home care settings.
Strengths and limitations
Our research is novel because we conducted a comprehensive, explanatory analysis of the associations with person-level characteristics with falls among home care clients in a population-based sample. We also identified strong, statistically significant associations between multiple assistive devices for locomotion indoors and falls. Our findings are strengthened by our large sample size and statistical power.
There are limitations to our research. First, our research is descriptive, rather than analytic. As such, a temporal sequence identifying whether assistive device occurred before or after the first occurrence of an accidental fall could not be determined, and this also limits the ability to make causal claims about assistive device use and the rate of falls in the home care setting. Second, we could not determine where in the home the fall occurred (e.g., fall down the stairs; fall from standing; fall in the bedroom, kitchen, washroom, etc.), which affects decisions pertaining to in-home environmental 
Conclusion
Declines in activities of daily living, the use of assistive devices for locomotion indoors, impaired cognitive skills for daily decision-making, parkinsonism, and experiencing dizziness or lightheadedness are important associations with rate of falls among home care clients in Ontario, Canada. Future research could investigate, compare, and contrast the use assistive devices for locomotion outdoors and falls frequency among home care clients in other jurisdictions. 
